Hydrodistilled essential oil and the corresponding headspace volatiles of Bosnian wild growing Thymus praecox ssp. polytrichus (A. Kern. Ex Borbàs) Jalas and Thymus praecox ssp. skorpilii (Velen.) Jalas were subjected to capillary GC-MS analysis. This work presents a detailed essential oil analysis of these two rare Thymus subspecies from Bosnia, as well as the very first report on their headspace composition. Eighty-seven volatile constituents were identified in four samples. Two alcohols were the major constituents in the essential oil of T. praecox ssp. polytrichus, a monoterpene, linalool (13.9%), and a sesquiterpene, (E)-nerolidol (10.4%), while linalyl acetate (36.7%) and linalool (22.7%) were the most abundant volatiles in the corresponding headspace sample. Oxygenated monoterpenes (57.5%) predominate in the essential oil of T. praecox ssp. skorpilii with linalyl acetate (28.7%) and linalool (14.4%) as the main representatives. Headspace sample of this subspecies also showed richness in linalyl acetate (52.4%), while the second most abundant compound was α-pinene (14.5%), a monoterpene hydrocarbon.
The large genus Thymus L. (Lamiaceae) comprises about 350 species of herbaceous perennials and sub-shrubs, c. 66 of which grow wild in Europe, mainly as typical plants of the Mediterranean area. [1] . Thymus species, a taxonomically complex group of plants, are well known as medicinal plants containing tannins, bitter substances, and flavonoids, and are aromatic due to their essential oil content. The essential oils themselves are products in demand not only in the manufacture of perfumes and cosmetics, but also for medicinal purposes due to their antiseptic, antispasmodic and antitussive properties [2] .
The aromatic and medicinal properties of the genus Thymus have made it one of the most popular plants in food and pharmaceutical industries. It is believed that part of these activities is due to the volatile constituents. In recent years, the essential oil chemistry and polymorphism of various Thymus species have been extensively investigated [3] [4] [5] [6] [7] . These studies have emphasized the existence of marked chemical differences among oils extracted from different species or varieties. More than twenty essential oil chemotypes were noticed in different species of Thymus genus [8] . This chemical diversity is generally a function of three factors: genetic, physiological conditions and the environment.
Continuing our research on chemical polymorphism of the essential oils obtained from the rare and endemic Thymus species of Bosnian origin [9] , we report here the composition and the variability of the volatile constituents of two subspecies of Thymus praecox (Creeping thyme), growing wild in Bosnia and Herzegovina.
The aim of this work is to investigate and compare the content and composition of the essential oil and corresponding headspace of Thymus praecox ssp. skorpilii (Velen.) Jalas (synonym Thymus jankae Celak.) and Thymus praecox ssp. polytrichus (A. Kern. Ex Borbàs) Jalas (synonym Thymus balcanus Borbàs), a rare species according to the characterization of the (IUCN) [10] . trans-Bergamotene
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The general chemical profiles of the investigated volatile oils, the identity and the percentage content of the individual compounds are all summarized in Table  1 . Compounds are reported according to their elution order on non-polar HP-5 column, and chemical class distribution is also reported in Table 1 . The capillary GC-MS analysis showed that major constituents of the oils in our study were oxygenated terpenes. Essential oil of T. praecox ssp. polytrichus had sesquiterpenes as majors, while T. praecox ssp. skorpilii showed richness in monoterpenoids. Headspace samples of both species revealed almost the same chemical class distribution, with oxygenated monoterpenes as dominants compounds.
According to the literature survey, population of T. praecox ssp. polytrichus (T. balcanus) species from mountainous natural habitats in Europe is not characterized by special main components [11] [12] [13] . Thymol, carvacrol, geraniol, terpinen-4-ol, transsabinene hydrate, α-terpineol have been found in Mediterranean species, while linalyl acetate, linalool and sesquiterpenes are more typical for the Thymus species of the Scandinavian countries [11] , till citronelol, (Z)-nerolidol, and isoeugenol are main constituents of Italian population [12] . The main components in T. praecox ssp. polytrichus essential oil from Macedonia were trans-caryophyllene (22.42%), β-pinene (12.48%) and α-pinene (5.64%) [13] .
The population of T. praecox ssp. polytrichus from Bosnia shows similarity with Scandinavian type with linalool and sesquiterpenes as the main constituents.
To the best of our knowledge, only available records about chemical composition of essential oil of T. praecox ssp. skorpilii are data for Balkan populations of this species [14, 15] . Serbian population of this species from Žaračka Mountain had p-cymene and carvacrol as the major components, while population from Ibarian Canyon had geraniol and p-cymene as the most dominant compounds [14] . The main compounds in Macedonian population of T. praecox ssp. skorpilii (T. jankae) species were linalool and geranial [15] .
Our results confirm previous findings [16] [17] [18] that all investigated T. praeceox subspecies belong to nonphenolic types of Thymus containing essential oils without or with trace amounts of phenols, the most important compounds in the essential oils of this genus [3, 6, 7, 9] .
Presented results are in agreement with the fact of highly complex chemical polymorphism of this genus. The observed differences in essential oil profile of investigated species confirm the influence of origin of the plant material, as well as environmental conditions on the nature of plant chemical composition [2] .
Experimental

Plant material and reagents:
The plant material of T. praecox ssp. polytrichus and T. praecox ssp. skorpilii was collected in June 2007 from the mountainous natural habitat near Sarajevo (Bosnia and Herzegovina). Investigated species were harvested in the same phenological state, just before the flowers are fully open. A voucher specimen of each plant is deposited at the Faculty of Science, University of Sarajevo. All reagents were of the highest purity available and obtained from the Sigma Chemical Company.
Sample preparation:
Air-dried plant material (10 g) of each individual was subjected to hydrodistillation for 2 hours. The essential oils were extracted with dichloromethane and dried over anhydrous sodium sulphate. Floral and leaf scent was collected using dynamic headspace sorption on Dräger charcoal tubes #6728631 (trapping time: 2 hours), with sorption agent coconut shell charcoal. Trapped volatiles were eluted with dichloromethane. All samples were stored for two days at 4°C in the dark until analysis. The percentage content of the oils was calculated on the basis of the dry weight of plant material.
Gas chromatography-mass spectrometry (GC-MS):
GC-MS was carried out on a Hewlett-Packard 6890 Series II gas chromatograph fitted with a fused silica HP-5 (5% phenyl methyl siloxane) capillary column (30 m x 0.25 mm, 0.25 μm film thickness), coupled to a HP 6890 Series II mass selective detector (MSD). Column temperature was programmed from 60°C to 240°C at 3°C min -1 , and helium was used as carrier gas (1.1 mL min -1 ). Other operating conditions were as follows: inlet pressure 9.43 psi, injector temperature 250°C, detector temperature 280°C, split ratio 1:25, injection volume 1 μL. Ionization of the sample components was performed in the EI mode, (70 eV), with scan range 20-555 amu, and scan time 1.60 s.
Qualitative and quantitative analysis:
The linear retention indices, RI, for all compounds were determined by injection of the hexane solution containing the homologous series of C 8 -C 26 n-alkanes [19] . The identification of the volatile constituents was accomplished by the visual interpretation, comparing their retention indices and mass spectra with literature data [20] , by computer library search (HP Chemstation 1126 Natural Product Communications Vol. 5 (7) 2010
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computer library NBS75K.L, NIST/EPA/NIH Mass Spectral Library 2.0 and Mass Finder 4 Computer Software and Terpenoids Library), and in the laboratory own database. Compounds concentrations (as % content) were calculated by integrating their corresponding chromatographic peak areas (TIC mode).
